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Heavy metals are chemical elements with a specific gravity that is at least five times the 
specific gravity of water. The specific gravity is a measure of density of a given amount 
of a solid substance when it is being compared to an equal amount of water.  Heavy 
metals are closely connected with environmental deterioration and the quality of human 
life, and thus have aroused concern all over the world. Heavy metals may enter the 
human body through food, water, air, or absorption through the skin when they come in 
contact with humans in agriculture and in manufacturing, pharmaceutical, industrial, or 
residential settings. Metal toxicity unlike some organic substances, are not 
metabolically degradable and their accumulation in living tissues can cause death or 
serious health threats. However, heavy metals deposition in water and sediment in 
Balok and Tunggak River is not well documented, and scientific evidence is very 
limited. The research proposed to assessment of heavy metals deposition in water and 
sediment in Balok and Tunggak River, Kuantan, Malaysia. Samples were collected 
every month from November 2010 to November 2012 and analyses for the regional 
variability for the concentrations of Al, As, Cr, Cd, Ch, Fe, Mn, Ni, Pb and Zn were 
done using ICP-MS. Rotary milling in agate mortar and microwave digestion (MDG) 
procedure was performed for the dissolution of the sediment samples before the 
determination of heavy metals. The presence of heavy metal has proven to influence 
human activity, mainly from chemical industry, chipboard industry, domestic waste 
disposal, etc.; they deteriorate since water quality of Balok and Tunggak River. 
Pearson's correlation between elements in water and sediment showed weak correlation 
due to the changing of the river flow rate every ±six hours. Principal Component 
Analysis (PCA) and Enrichment Factor (EF) had proven that sources of a pollutant were 
dominated by anthropogenic activity (industry and domestic waste) more than natural 
activity. The Contamination factor (Cf) proved that water column in Balok River and 
Tunggak River have been contaminated by Al, Cr, Mn, Fe, Ni, Cu, Zn, As, Cd, and Pb, 
which are probably influenced by anthropogenic activity, contamination by 
sedimentation, and natural source. Therefore, heavy metal pollution monitoring in 
Balok River and Tunggak River are needed in order to provide baseline data, which can 
















Logam berat adalah bahan unsur-unsur kimia dengan graviti khusus yang sekurang-
kurangnya 5 kali graviti tentu air. Graviti tentu adalah ukuran jumlah ketumpatan 
amaun yang diberikan bahan pepejal apabila dibanding dengan jumlah air yang sama 
rata air. Logam berat adalah berkait rapat dengan kemerosotan alam sekitar dan kualiti 
kehidupan manusia, dan dengan itu telah membangkitkan kebimbangan di seluruh 
dunia. Logam berat boleh memasuki tubuh manusia melalui makanan, air, udara, atau 
penyerapan melalui kulit apabila mereka bersentuhan dengan manusia dalam sektor 
pertanian dan pembuatan, farmaseutikal, industri, atau kedudukan kediaman. 
Ketoksikan logam tidak seperti beberapa bahan-bahan organik, adalah tidak terurai dan 
pengumpulan ia dalam tisu hidup boleh menyebabkan ancaman kematian atau masalah 
kesihatan yang serius. Walau bagaimanapun, pemendapan logam berat di dalam air dan 
sedimen di Sungai Balok dan Tunggak tidak direkodkan dengan baik, dan bukti saintifik 
adalah sangat terhad. Penyelidikan yang dicadangkan penilaian pemendapan logam 
berat di atas air dan sedimen di Sungai Balok dan Tunggak, Kuantan, Malaysia. Sampel 
dikumpulkan setiap bulan dari November 2010 hingga November 2012 dan analisis 
untuk kebolehubahan serantau untuk kepekatan Al, As, Cr, Cd, Ch, Fe, Mn, Ni, Pb dan 
Zn dengan menggunakan ICP-MS. Pengilangan Rotary di dalam proses mortar batu 
akik dan gelombang mikro penghadaman (MDG) prosedur telah dilakukan untuk 
pembubaran sampel sedimen sebelum penentuan logam berat. Turut hadir logam berat 
telah terbukti boleh mempengaruhi aktiviti manusia, terutamanya dari industri kimia, 
industri papan chip, pelupusan sisa domestik, dan lain-lain, mereka memberi 
menurunkan kualiti air Sungai Balok dan Tunggak. Korelasi Pearson antara element-
element di dalam air dan sedimen menunjukkan korelasi yang lemah disebabkan oleh 
perubahan kadar aliran sungai setiap ±6 jam sekali. Analisis Komponen Utama (PCA) 
dan Faktor Pengayaan telah membuktikan bahawa sumber bahan pencemar telah 
dikuasai oleh aktiviti antropogenik (industri dan sisa domestik) lebih daripada aktiviti 
semulajadi. Faktor Geoaccumulation telah membuktikan bahawa lokasi pensampelan di 
Sungai Balok adalah dari kategori untuk tidak tercemar sangat pencemar manakala 
tapak pensampelan di Sungai Tunggak termasuk kategori yang tidak tercemar ke 
sederhana tercemar. Faktor pencemaran dan tahap pencemaran telah membuktikan 
bahawa turus air di Sungai Balok dan Tunggak Sungai telah tercemar dicemari oleh Al, 
Cr, Mn, Fe, Ni, Cu, Zn, As, Cd dan Pb yang mungkin dipengaruh oleh aktiviti 
antropogenik, pencemaran oleh pemendapan, dan sumber semula jadi. Oleh itu, 
pemantauan pencemaran logam berat di Sungai Balok dan Tunggak Sungai diperlukan 
untuk menyediakan data asas yang boleh digunakan oleh pihak berkuasa tempatan bagi 
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 Water is a valuable source for the survival of human beings. Man has used water 
systems for numerous purposes such as drinking, irrigation, fisheries, industrial 
processes, transportation and waste domestic disposal. Increasing of urbanization, 
agricultural and industrial practice brings an adverse effect on both surface and ground 
water such as rapidly decreasing of the water quality (Vazquez et al., 2003), in term of 
its physical, chemical and biological characteristics. Therefore it can be deduced that 
water pollution is not any longer an emerging threat.  
In Malaysia, the rapid growth of development over the last three decades has 
overstressed the river system. Currently many rivers in Malaysia have been deteriorated 
due to aforementioned factors which have exerted immense pressures on water quality. 
In kuantan, Pahang, particularly in the area of Balok and Tunggak River, the industrial 
activities based on petrochemical and the expanding residential area have been 
identified as the contributor to the pollution occurred of a thousands of chemicals that 
pollute water quality, heavy metals are among the most dangerous groups due to their 
potential toxicity (Carreras et al., 2009).  
 
 This study was conducted to assess and monitoring the present of heavy-metal 
pollution in the Balok River and Tunggak River as an impact of activity in Gebeng 
industrial area and resident around the river. Gebeng is the small town and central 
industry in Kuantan, Pahang, Malaysia. This area is thriving on the hub of profitable 
activity where many multinational corporations in the petrochemical sector are based 
there. Waste waters from industry always discharge to the Balok River and Tunggak 
  
River through channels than flows toward to South China Sea. Resident of Balok 
Perdana has a huge sewer as domestic sewerage discharges to the Balok River. Tunggak 
River receives the effluent from a resident of Balok Makmur and Gebeng Industry area. 
For this reason, environmental monitoring has become recognized as being vitality 
important in detecting where insidious pollution occurring. Based on data from JPS that 
Balok River is about 10 km length and 5 km width, and Tunggak River is about 7 km 
length and 4.2 km width. 
 
1.2  Problem Statement 
  
 The presence of heavy metals in the river system has been long acknowledged to 
pose to the river water. They are accumulated in the sediment for a long time and 
therefore pose a further toxic to the whole aquatic environment in contact with water. 
Under certain condition, metals accumulated in sediments could be release to the 
overlying waters and thus been further taken up by the organisms (Sing et al., 2005). 
 
 Currently for Pahang state unfortunately the information about river water 
quality is scanty not fairly enough with the rapid industrialization activities. Thus, this 
study is carried out in order to analyses and monitors the occurrence of heavy metal 
contamination of water and sediment of Balok River and Tunggak River. 
 
  
1.3  Objective of the research  
 
The aim of this study is to provide and establish a baseline data of heavy metal 
occurrence for future references of Pahang rivers, particularly Balok River and Tunggak 
River, the rivers which are located at Gebeng area and receives the discharges from the 
industrial activities as well as from the community activities such as from Kampung 
Balok. The objective of this study can be summarized as the following: 
1. To determination the concentration of heavy-metal in water and sediment at 




2. To compare the concentration of heavy metals obtained in this study to the 
Interim National Water Quality Standard (INWQS) for Malaysia. 
3. To study the distribution of heavy metals between water and sediment by using 
ANOVA. 
4. To identify the sources of pollution by using Principal Component Analysis 
(PCA), Enrichment Factor (EF), Contamination Factor (CF) and Pollution Load 




































2.1  Heavy Metal 
 
Metals are natural constituents of rocks and soils and after the environment as a 
consequence of weathering and erosion (Forstner, 1989). They are often characterized and 
distinguished from nonmetals by their physical properties, the ability to conduct heat, and 
its electrical resistance that is directly proportional to temperature, malleability, ductility 
and even luster (Sherameti and Varma, 2010; Housecroft and Sharpe,  2008; Muller, 
2007). It has long been known that, in the right concentrations. Many metals are 
essential to life and ecosystems (Morgan and Stumm, 1964; Butt et al., 1964; Yunice et 
al., 1968; Salanki et al., 1992), however chronic exposures to metals can lead to severe 
environmental and health effects (Handovsky, 1926; Lamb, 1964; Wahlberg, 1965; 
Hecker et al., 1974; Nriagu, 1988). In general, main metal threats are normally 
associated with heavy metals such as lead, arsenic, cadmium and plumbum. Unlike 
many organic pollutants, which eventually degrade to carbon dioxide and water, heavy 
metals will tend to accumulate in the environment, particularly in lake, arsenic, or 
marine sediments (Long et al., 1995).  As heavy metals are believed to connect with 
environmental deterioration and quality of human life, therefore an increasing number of 
countries have signed treaties to monitor and reduce heavy metal pollution (OECD, 1996) in the 
environment. 
 
The presence of increasing levels of metals in the environment is causing serious 
concern in public owing to the toxicity shown by the majority of them (Forster and 
Wase, 1997; Ledin, 2000), most of them have toxic effects on living organisms even at 
low concentrations and persistence in the environment (MacFarlane and Burcherr, 2000; 
Carreras, 2009; Sakan et al., 2009). In general heavy metals are emitted into the 
